Abstract A species classification regarding Old World monkey adenoviruses is proposed. We determined the nucleotide sequences of PCR-amplified fragments from the genes of the IVa2, DNA-dependent DNA polymerase, penton base, and hexon proteins from every simian adenovirus (SAdV) serotype that originated from Old World monkeys for which the full genome sequence had not yet been published. We confirmed that the majority of Old Word monkey SAdVs belong to two previously established species. Interestingly, one is the most recently established human AdV species, Human mastadenovirus G, which includes a single human virus, HAdV-52, as well as SAdV-1, -2, -7, -11, -12, and -15. The other approved species, Simian mastadenovirus A includes SAdV-
Introduction
Simian adenoviruses (SAdVs) are members of the genus Mastadenovirus in the family Adenoviridae [16] . The first description of an SAdV in the literature was of a chimpanzee AdV [39] , today known as SAdV-21 within the species Human mastadenovirus B. The first monkey AdVs, together with many other, mainly enteric, simian viruses from divergent families were discovered while testing poliomyelitis vaccines on kidney cell cultures made from macaques of two species [18] . Additional monkey AdV serotypes, characterised by the lack of cross-neutralisation [1] , were found by screening other macaques and monkeys from two additional species: grivet and baboon [12, 19, 20, 24, 31] . Later on, when investigating chimpanzees suffering from kuru, experiments resulted in the discovery of four novel ape AdVs [38] .
The first classification of monkey AdVs was based on their ability to haemagglutinate erythrocytes of different host origin, as a tool of taxon demarcation [37] . With the use of this biological assay, 16 monkey AdV strains were divided into four haemagglutination groups (HAG I-IV; Table 1 ). By analysing the nt sequences of the left genome ends, researchers have inferred that SAdV-16 (originally named SA7; Table 1 ) shares a similar organisation with HAdV-12, a member of the species Human mastadenovirus A [25] . The similarity of chimpanzee AdVs to HAdV-4 strains of the species Human mastadenovirus E was been recognised quite early [29] .
A comparative sequence analysis of 25 distinct SAdV serotypes, SAdV-1 to 20, isolated from Old World monkeys (OWMs), and SAdV-21 to 25 from chimpanzees was performed by PCR amplification and sequencing of the virus-associated (VA) RNA genes [23] . All chimpanzee AdVs were proved to have two (tandem) VA RNA genes in their genomes. However, in monkey AdVs, only one VA RNA gene was detected (or none, because of the PCR imperfections). These data were applied in making the first phylogenetic tree of SAdVs [23] . The short VA RNA sequences and the first partial hexon sequences, obtained from chimpanzee AdVs in our lab, prompted us to place SAdV-21 into the species Human mastadenovirus B, and SAdV-22 to 25 into species Human mastadenovirus E [1] . These assumptions regarding the taxonomic place of the chimpanzee AdVs were confirmed later by phylogenetic analysis of other longer sequences [2, 10, 36, 40] . The first complete chimpanzee AdV genome was that of SAdV-25 [10] . It was followed by the genomes of the other four chimpanzee AdV types, SAdV-21 to 24 [40] , and those of two additional chimpanzee AdVs (under the strain names of ChAd3 and ChAd6) [8, 35] .
Ape AdVs have been isolated not only from chimpanzees but also from bonobos and gorillas [41] . These viruses have been proposed to be members of species Human mastadenovirus B, C and E, respectively, as they are definitely part of those genetic lineages [41] . Partial genome analysis of gorilla AdVs confirmed the theory on the mixed host origin of members of the species Human mastadenovirus B [47] . Almost all viruses in the species Human mastadenovirus D are from human sources. However, a recent study suggested that some chimpanzee AdVs might also belong to the species Human mastadenovirus D [48] . The same study also described a gorilla AdV belonging to the species Human mastadenovirus F, which previously included only human AdV serotypes (HAdV-40 and HAdV-41) [48] . The genome of a chimpanzee AdV isolate clustering in the species Human mastadenovirus A has been fully sequenced [50] . Development of vector vaccines from chimpanzee AdVs was started more than 10 years ago [49] , and it has been the subject of growing interest [5] . Consequently, there is a growing number of different chimpanzee AdV isolates that have been studied. Colloca and co-workers [8] have screened more than a thousand faecal samples from chimpanzees and bonobos and isolated AdVs from around 50 % of them. The full sequences of some of these viruses indicated that they are closest to members of the species Human mastadenovirus B, C or E [8] .
SAdVs have been found to be associated with several diseases of primates, including diarrhoea, pneumoenteritis, conjunctivitis, and hepatitis [4, 24, 45, 51] , and some of them have been reported to induce tumours when injected into neonate rodents [21] . Short sequences from various genes of monkey AdVs have often been reported from colonies of captive macaques that were either suffering from diarrhoea [46] or not showing any clinical signs ascribed to AdVs [30, 48] . The study of monkey AdVs is much more undeveloped than that of the ape AdVs. The first full monkey AdV genome published was that of SAdV-3 (isolated from a rhesus macaque) [27] . It was proposed to be the first member of a new species, Simian mastadenovirus A. This species was approved by the International Committee on Taxonomy of Viruses and is still the only species that includes OWM AdVs exclusively [17] . The next sequenced OWM AdV genome was that of SAdV-1 (isolated from a crab-eating macaque). This virus was classified as belonging to the species Human mastadenovirus G [28] , together with a HAdV type, HAdV-52 [22] . Further full-genome sequences were published from SAdV-48, -49 and -50 [41] , as well as some partial sequences [4, 33] . As the interest in OWM AdVs as potential gene delivery tools increased, additional SAdV genomes were fully sequenced. These included SAdV-7 [42] , followed by SAdV-6, -18 and -20 [43] . Phylogenetic analysis of AdVs that were newly isolated from rhesus macaques [43] indicated that they belonged to a common lineage with SAdV-49 and -50, which were sequenced previously [41] . For the classification of these SAdVs, the establishment of the species Simian mastadenovirus B has been proposed, whereas SAdV-48 has been described to belong to the species Simian mastadenovirus A [41, 43] . Four novel AdV strains that were found in olive baboons have been sequenced recently. One strain, baboon AdV-1 (BaAdV-1), has been proposed to be a member of the candidate species Simian mastadenovirus B, while BaAdV-2, -3 and -4 have been found to form a separate clade, representing the proposed new species Simian mastadenovirus C [7] . Recent publications have reported the discovery of AdVs in New World monkeys as well [6, 14, 15, 48] .
Nowadays, the recognized diversity of SAdVs is approaching that of the HAdVs. However, while ape AdVs are well characterized and fully classified, most monkey 
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AdVs still await classification, and only very short sequences or no sequences at all are published from their genomes. Our aim was to obtain at least partial sequences from multiple genes of every known OWM SAdV in order to explore their phylogenetic relationships and to find out how many lineages, corresponding to putative species, can be defined among them.
Materials and methods

Viruses
The prototype strains of OWM SAdV serotypes (SAdV-1 to 20), deposited in the American Type Culture Collection (ATCC), were studied initially by PCR and compared with other SAdV sequences from other laboratories ( Table 1) . Purified DNA from concentrated virions or cell culture supernatants were used.
PCR and DNA sequencing
Shorter or longer fragments were obtained by PCR from the genes of four well-conserved adenoviral proteins of 14 SAdVs, the full genome sequence of which has not been published previously (Table 1 ). The primer sequences and the estimated sizes of the expected PCR products are presented in Table 2 . Fragments from the DNA-dependent DNA polymerase (pol) and the hexon genes were obtained by PCR methods published by others [26, 47] . The IVa2 gene fragment was amplified with consensus degenerate nested primers, designed in-house on the basis of highly conserved amino acid (aa) motifs taken from an alignment containing different mastadenovirus sequences. Similarly, consensus nested primers targeting the gene for the penton base were also based on an aa alignment, but containing proteins from SAdVs only ( Table 2; A. Doszpoly, personal communication). To acquire the genome fragments between the PCR products, obtained from the two adjacent genes (IVa2 and pol), degenerate primers (designated as simian universal; ''suniv'') were designed from nt sequences of SAdVs exclusively. For a primer-walking approach, several additional consensus suniv primers were prepared ( Table 3 ). The PCRs were performed in a 50-ll volume with the following ingredients (final concentration): 3 mM MgCl 2 , 0.2 mM dNTP, 1 lM each primer, GoTaq Buffer, and 1.5 unit of GoTaq DNA polymerase enzyme (Promega Corp.). If applicable, SAdV-24 was used as a positive control. The PCR programs consisted of an initial denaturation step at 94°C for 5 min followed by 45 cycles (94°C, 30 s; 46°C, 60 s; 72°C, 60 s) and a final elongation step at 72°C for 3 min. The program of PCRs with suniv primers was modified to fewer cycles (35) , annealing at 52°C for 30 s and elongation at 72°C for 90 s, with a final elongation of 7 min. The size, quality and amount of PCR products were checked by loading 10 ll of the completed reaction mixtures on agarose gels. Amplified fragments were purified using a Nucleospin Extract II Kit (Macherey-Nagel) and sequenced directly on both strands using a Big Dye Terminator v3.1 Cycle Sequencing Kit (Life Technologies Inc.). Capillary electrophoresis was performed by a commercial service on a 3500 Series Genetic Analyzer (Life Technologies). If heterogeneous nt sequences were obtained, the PCR products were molecularly cloned using a CloneJET TM PCR Cloning Kit (Thermo Scientific). Chemically competent DH5a E. coli cells were transformed with the ligated vector by heat shock (90 s, 42°C), and plasmids were purified by the alkaline lysis method. The full genome sequence was determined from the prototype strains of six SAdVs by the classical Sanger method and/or next-generation sequencing (NSG), as shown in Table 1 .
Phylogenetic analysis
The identities of the sequences were checked using the BLASTX program at the website of the NCBI. Primate AdV sequence alignments were prepared with the Clustal program of the MEGA6 package [44] . For phylogeny inference, we used only partial gene sequences that were available from every studied virus. Phylogenetic calculations, based on alignments of aa sequences from IVa2 and pol, were performed using the ProtDist and PhyML algorithms provided at the Mobyle portal of the Pasteur Institute (Paris), and the ProtTest program [9] . The ProtDist analyses were run with the JTT substitution model, followed by Fitch-Margoliash analysis, applying the global rearrangements option. PhyML calculations [13] were based on a user tree obtained using ProtDist and a model determined using ProtTest (JTT with the ''invariable sites'' and ''gamma distribution'' options). Analysis of the nt sequences was performed by using PhyML on the TOPALi v2 platform [34] with the TrNef model for the penton base and the TIMef model for the hexon gene, both with invariable sites and gamma distribution options (proposed by the Model Selection module of TOPALi). Bootstrap analysis with 100 sampling replicates was applied for every tree. The trees were then visualized using the MEGA6 program [44] . Tree shrew AdV-1 (TSAdV-1) served as an outgroup.
Results
PCR and DNA sequencing
The IVa2 nested PCR yielded visible amplicons after the first round from only a few samples. Therefore, the product (253 bp without the primers) of the second round was used for additional primer design. On the other hand, the pol PCR, which was described as a nested system [47] , gave sufficient products already in the first round, so we did not have to perform the second round. After removing the primer sequences, the size of this partial pol gene fragment was 952 bp, corresponding to nucleotide (nt) positions 5269 to 6220 in the SAdV-1 genome in the GenBank database (AY771780). PCRs with suniv primers (connecting the partial IVa2 and pol genes) resulted in products of 2154 to 2226 bp. After in silico translation, alignments of 287 aa from the N-terminus of the IVa2 protein and of 502 aa from the C-terminal part of pol were prepared. The length of the PCR products from the penton base gene varied between 319 and 331 bp. From the hexon gene, 253 bp of useful sequence was obtained after editing out the primers. In addition to the PCR-amplified gene fragments, the sequence of the full genome was determined for six strains. As presented in Table 1 , the newly obtained sequences were submitted to GenBank and assigned the accession numbers KP853109 to KP853135 (short sequences) and KP329561 to KP329565 (full genomes). Direct sequencing of the PCR products obtained from the penton base gene showed that three strains representing SAdV-5, -12 and -15 were not pure viruses but mixtures. Molecular cloning of the amplicons resulted in the separation of two different sequences from each mixture. The sequences from samples of SAdV-12 and SAdV-15 indicated the presence of different viruses in each ''strain'', yet all of the four viruses appeared to be members of the species Human mastadenovirus G (Fig. 1c) . The prototype strain of SAdV-5 was also found to contain two AdVs, but only one of them clustered with members of Human mastadenovirus G, whereas the other clustered with the members of the candidate species Simian mastadenovirus B (Fig. 1c) .
Phylogenetic analysis
In phylogeny reconstructions, the OWM SAdVs appeared in groups representing distinct lineages that were usually well separated from those of the human and ape AdVs (Figs. 1 and 2) . Considering the tree topologies as well as other features of the examined viruses, the existence of at least four distinct lineages, obviously meriting the specieslevel demarcation, was revealed in addition to the already established or proposed HAdV and SAdV species. When preparing the hexon-based tree (Fig. 2) , the corresponding sequence from several additional novel AdVs obtained from rhesus monkeys [4, 11, 33, 48] could also be included. The species Human mastadenovirus G and Simian mastadenovirus A appeared as two clear lineages on all four trees with a great number of virus types. Two OWM ATCC strains (SAdV-5 and -8) together with the previously described lineage including SAdV-49, -50 [41] , nine AdVs isolated from rhesus macaques [43] , and one AdV isolated from olive baboon (BaAdV-1) [7] appeared on the trees as a monophyletic clade corresponding to the recently proposed species Simian mastadenovirus B. SAdV-13 alone seemed to represent an independent lineage, candidate species Simian mastadenovirus D. A sister clade was formed by the closest virus, a recently reported novel AdV strain (23336) from rhesus macaque [32] . The distance between these two viruses does not necessarily warrant the establishment of an additional species. Similarly, SAdV-20 alone also formed an independent branch most closely diverging from the clade of the species Simian mastadenovirus A. In this case, the establishment of a novel species, Simian mastadenovirus G, seemed to be justified. SAdV-16 always appeared closest to the clade of the Simian mastadenovirus B, but as a long distinct branch on every tree, justifying the proposed species Simian mastadenovirus E. SAdV-17 and -18 were sister clades closest to members of the species Human mastadenovirus F, but always well separated from them. SAdV-19 was on the branch together with other baboon AdVs of the recently proposed species Simian mastadenovirus C [7] .
Discussion
We set out to complete the species allocation of OWM SAdVs. To this end, we determined full or partial DNA sequences from 14 prototype SAdVs originating from OWMs and used phylogeny inference for grouping. Subsequently, we tested the validity of every clade, i.e., putative species, using other genomic or biological characteristics. In the great majority of the cases, the results of the different comparisons were in good agreement, reinforcing the validity of the groups. The topology of the phylogenetic trees, constructed based on different genome fragments, showed some variations in the order of the branches. However, the number and content of the clusters in each analysis were comparable. The separation of the individual clades was generally supported by maximal or high bootstrap values, depending on the length and conservation status of the examined gene or protein fragment. On the trees, based on the IVa2 (Fig. 1a) and pol (Fig. 1b) aa sequences, the range of these probability values at the nodes of the proposed species was 84-100 and 89-100, respectively. The most reliable pol tree seems to show correctly also the ''time'' of the presumed acquisition of a second fibre gene (shown by a black arrow on Fig. 1b) .
From that hypothetical time point, all of the OWM AdVs and even HAdV members of the species Human mastadenovirus F and Human mastadenovirus G had two fibre genes. The only exception is SAdV-18, which probably lost one of the genes during a presumed host switch and adaptation to grivet. Furthermore, we speculate that the members of three HAdV species (Human mastadenovirus A, F and G) most probably originated from OWM AdVs. Although the full genome sequence was available for many of the OWM AdVs, we used partial sequences to allow the inclusion of all prototype strains. PCR products were obtained from four different locations of the genome. The four genes were also different in terms of the timing of Fig. 2 Phylogenetic tree based on partial nucleotide sequences from the hexon gene. Simian AdVs are shown by their type number only, followed by the abbreviation of the host: rh, rhesus macaque; cr, crab-eating macaque; yb, yellow baboon; gr, grivet. AdVs found in rhesus macaques [4] for which only the short hexon sequence is available in GenBank are designated as ''rhxx'' (xx = strain number). Some types on the hexon tree are hidden as follows: rh?CHN (e): rh20, 25 their expression during the viral life cycle. The pol gene is important because its sequence divergence is a significant criterion in the species demarcation of adenoviruses [16] . Because the amplified region of the penton base gene is highly variable, it proved to be suitable for detecting different genomic variants and even virus types in prototype SAdV strains that had earlier been supposed to be clean isolates. Molecular cloning of amplified penton base gene fragments proved that each of three ATCC strains was actually a mixture of two slightly (SAdV-12 and -15) or considerably (SAdV-5) different viruses. Consequently, the validity of their original serological comparison with other prototype strains could be questioned.
The IVa2 nested PCR was found to detect mastadenoviruses very effectively and was useful for designing additional consensus primers. The PCR, targeting the short hexon gene fragment that codes for the highly conserved N-terminal part of the capsid protein, is a widely used general AdV detection method [4, 33, 48] , and therefore, additional SAdVs could be included in the hexon tree (Fig. 2) . In spite of the rather limited amount of sequence data from these viruses, many of them could be safely assigned to several previously established or proposed species (Human mastadenovirus G, Simian mastadenovirus A, Simian mastadenovirus B). However, a few of them (red colobus 3 [48] , rh15 and rh50 [4] ) seem to stand alone, forecasting the discovery of additional genetic lineages of OWM AdVs for which further species might be needed in the future. The need to establish more novel monkey AdV species emerges also for the fully sequenced titi monkey AdV (a New World species) [6] and isolate 23336 from rhesus monkey [32] .
The base composition of the genomic DNA is an additional species demarcation criterion for AdVs [16] . The G?C percentage of the partial or complete genome sequences seemed to be characteristic for the given virus groups and species. Ideally, these values should be deduced from complete genome sequences. Nonetheless, the trends seemed to be clear, even when based on partial sequences. Members of the species Simian mastadenovirus B and F have G?C-rich DNA (60.1-62.9 %). The species Simian mastadenovirus A, and E and Human mastadenovirus G include viruses with moderately high (54.4-57.9 %) G?C content, whereas the SAdVs classified into the species Simian mastadenovirus C, D, and G and Human mastadenovirus F have medium G?C content (47.8-52.6 %). Strain 23336 seems to have the lowest G?C proportion (46.7 %), as shown in Table 4 .
The species with the largest number of members are Simian mastadenovirus A and B and Human mastadenovirus G [22, 27] . Recently published surveys have indicated that the viruses of species Human mastadenovirus G and Simian mastadenovirus A, are highly prevalent in macaques [4, 30] . The recently proposed species Simian mastadenovirus B includes SAdV-5, -8, -49, -50, nine other rhesus macaque isolates [41, 43] , and BaAdV-1 [7] . The new finding is that SAdV-5 and -8 belong to this species, and these are the first viruses of this species that had been serotyped by virus neutralisation [37] . Previous publications have also supported this clade based on partial hexon sequences [4, 11, 33, 48] .
SAdV-19 proved to be a novel member of the previously proposed species Simian mastadenovirus C [7] . This was supported by all of our trees, as well as by the G?C content and the uniqueness and uniformity of the host, the baboon.
SAdV-13 turned out to be the only representative of a separate lineage that we propose as a novel species, Simian mastadenovirus D. The exact host species (some Macaca sp.) of this AdV type is not known, unfortunately. All phylogenetic trees implied that SAdV-13 diverged from the other monkey AdVs at an early time. The G?C content of this virus is also different from that of all the other viruses ( Table 4 ). The phylogenetically closest AdV is the rhesus monkey isolate 23336, but both the phylogenetic distance and the G?C content (46.7 vs 49.9 %) differentiate them.
SAdV-16 is closely related to members of the proposed species Simian mastadenovirus B. However, its phylogenetic distance seems to be large enough to merit the creation of a separate species. The different host species, the grivet (Chlorocebus aethiops), also supports the establishment of a new taxon for SAdV-16. However, as host switching is believed to be a relatively common phenomenon among primate AdVs [48] , it cannot be excluded that this virus has a macaque origin. On the other hand, the two other grivet AdVs (SAdV-17 and -18) are phylogenetically closely related to each other but rather distantly to SAdV-16. The G?C content of the full genome of SAdV-16 is 57.9 %, which is notably different from those of the members of Simian mastadenovirus B (*62 %). Based on all data available at the moment, we propose to classify SAdV-16 as the first member of a novel species named Simian mastadenovirus E.
SAdV-17 and -18 compose the sister taxon to the species Human mastadenovirus F ( Fig. 1 and 2) . The phylogenetic distance and host species difference (grivet versus human) seem to be sufficient to propose a new species, Simian mastadenovirus F. The genome organisation of SAdV-18 [43] also shows very important differences compared to that of HAdV-40 and -41, the two known members of Human mastadenovirus F. SAdV-18 has one fibre gene only, while HAdV-40 and -41 have two. The Human mastadenovirus F members are unique among the primate AdVs, as the RGD motif is not present in their penton-base protein. They also lack the 12.5K gene in their E3 region, while SAdV-18 has this gene. The G?C content of HAdV-40 and -41 is 51 %, while SAdV-18 has a G?C-rich genome (61.4 %). We think that the proposal to establish a new species (Simian mastadenovirus F) for SAdV-17 and -18 is adequate.
The phylogenetic trees showed SAdV-20 to be a sister group to Simian mastadenovirus A, but it was sufficiently distant to represent a valid separate species (Simian mastadenovirus G). There was only one exception, the hexon-based tree (Fig. 2) , where SAdV-20 is not separated clearly from members of Simian mastadenovirus A. Since the hexon gene is prone to be involved in The penton base PCR was the best method in this study to detect different variants in three ATCC virus strains. Our conclusion is that SAdV-12 and -15 are mixtures of two types of the species Human mastadenovirus G (Fig. 1c) , whilst SAdV-5 seems to be a mixture of a member of Human mastadenovirus G and a putative Simian mastadenovirus B member. Evidence of non-homogeneity was observed in cross-neutralisation experiments conducted previously [20] . SAdV-5 (a mixture of Human mastadenovirus G and Simian mastadenovirus B members) showed one-way cross-neutralisation, and SAdV-12 (seemingly a mixture of two Human mastadenovirus G members) had two-way cross-neutralisation with different putative Human mastadenovirus G types. This early experiment did not study SAdV-15, so our statement on the mixed type is based on the described penton base sequences and also on a shotgun sequencing [27] attempt that revealed the heterogeneity of SAdV-15 (unpublished).
Most of our proposals are in good agreement with the original classification of monkey AdVs according to their HAG properties [37] . For example, every member of HAG group II belongs to the species Simian mastadenovirus A (Table 4) . Similarly, the uniqueness of SAdV-13 and SAdV-16 was confirmed by the fact that each of these viruses is the sole member of HAG group I and IV, respectively. SAdV-5 and -8, members of the group HAG III, belong to the species Simian mastadenovirus B. Interestingly, several other members of group HAG III clustered to the species Human mastadenovirus G. Nonetheless, this biological property remains a useful demarcation criterion [16] .
The relationship between the tissue tropism of the SAdVs and their phylogenetic clustering is not as obvious as in the case of some HAdVs. For example, members of the species Human mastadenovirus F, which are typical enteric AdVs, are generally found in human stool and are common in wastewater, while some Human mastadenovirus D members are notorious for infecting the cornea and causing epidemic keratoconjunctivitis [3] . An early study has reported that SAdVs can cause epidemic conjunctivitis in macaques [45] . It is notable that in our analyses, all SAdVs implicated in this disease clustered with members of the species Simian mastadenovirus A.
The host range of some newly proposed species, as well as that of the previously approved Simian mastadenovirus A and Human mastadenovirus G is mixed (Table 4 ). AdVs infecting individuals of different simian genera usually also belong to separate AdV species. However, there are AdV species that include AdVs of several different monkey species. In contrast, in some cases, AdVs found in individuals of the same monkey species may belong to different viral species. It is a general feature of SAdVs and HAdVs to have mixed host origins. Thus human, chimpanzee, gorilla and bonobo AdVs have been proposed as members of Human mastadenovirus B and Human mastadenovirus C [41] . However, crossing the host barrier rarely occurs, and usually only among evolutionarily close primate species. It has been recognized most often between apes and humans, or among OWMs.
Based on phylogenetic comparisons and the biological properties of OWM AdVs, we confirmed the need to establish two previously proposed species Simian mastadenovirus B and Simian mastadenovirus C. Furthermore, we propose the establishment of four new SAdV species, Simian mastadenovirus D, E, F and G. At present, all of these newly proposed species would contain exclusively OWM AdVs. A future task would be to find and study AdVs that occur in representatives of other monkey species, especially in New World monkeys and prosimians. Such investigations would be essential for getting better insights into the evolution and host characteristics of the wider or complete spectrum of primate AdVs. We assume that the presently proposed SAdV species will be justified by the discovery and sequence and phylogenetic analyses of a large number of further monkey AdVs in the near future.
